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This report was prepared as an account of work sponsored by an agency of the United 
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liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe 
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constitute or imply its endorsement, recommendation, OP favoring by the United States 
Government or any agency thereof. The uiews and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or any agency 
thereof. 
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I. Introduction 

In the study of mass analysis for t-tbar events, the information of sotI lepton tagging of 
jets is utilized, to designate a jet as a b-jet. The jets of top candidates in the lepton-jets and all-jets 
channels may have soft muons tagged. Many of these muons may be coming from b-jets and their 
cascade c-jets, which are regarded as a part of b-taeping. But there is a probability that some of 
the muon tagged jet is the c-jet, which is one of two jets decaying from a real W. We want to 
make a rough estimation for the probability of c-tagging for the selected-out top candidate events, 
usmg branching ratios available in the Review of Particle Properties. C-tagging should be 
considered when assigning jets for the mass analysis of top candidates. For the calculation of the 
top cross section this c-tagging for sofi lepton tagged channels should be considered. 

The detection efficiency is not considered in this report, but it could be applied uniformly 
for all of cases, which is in the order of 50 %. Ifwe are discussing and allocating tagging 
mechanism for the existing top candidates, the ratios are same. We need Monte Carlo calculation 
for @her analysis, considering efficiencies and all cuts in the experimental data. The probability 
of muon tagging 6om the K decays is also estimated. In the following discussion, we handle 
mainly muons, but the same discussion applies to electrons. 

IL Top Decay Modu 

There are two tops in one t-tbar event. Each top decays into a b-quark and a W. In the 
all-jets mode, both tops, and both W’s decay in the following way, 

t--a b+W 
II 
I I-------> u + dbar, 
l___________ > c + &u.~ 

50 % chance (1) 
50 % chance. (2) 

In the lepton-jets mode, one of two tops decays as described above, but the other remaining top 
decays into a b-quark a high pt lepton and a neutrino as follows, 

t e-e-.> b + W 
1 
I---------> high pt lepton + v. (3) 



Typically the lepton-jets top candidates have four jets, and the all-jets top candidates have 
six jets. 

If the mass of the top is 174 GeV and if it is made at rest, the energy of the b-quark is 68.6 
GeV, and the energy of the W is 105.4 GeV. 

III. W Decay Modes 

The branching ratios of W decays into e-v, p-v, t-v, a jet pair of u-dbar, and a jet pair of 
c-sbar, are l/9, l/9, l/9, 3/9, and 3/9 respectively, neglecting mass effects. 

Branching Ratio 
W ---> e + v 119 

--> F+” l/9 
--> z + v I/9 

--> u + dbar 319 (4) 
---- > c + sbar 319 (5) 

111 I 
111 l_______ > K + x (6) 
]]] ______________ > K + X (7) 
II 
II-------> s (jet) + soft 1-1 + v + X semileptonic (8) 
I--------> s (jet) + soft e + v + X. semileptonic (9) 

In this report we are mainly concerned with the last two W decay modes into two jets (4) 
and (5). The decay mode into the c-sbar has the possibility that the c quark decays further 
semileptonically and generates a soft muon or a soft electron together with a jet (8) or (9). 

The c quark and sbar quark decay into jets, generating K mesons. The K mesons have 
possibility to decay with sot? muons, and their probability is considered later. 

IV. Decay Mode of c-quark from W 

The energy of c-quark is approximately a half of the energy of W, roughly 53 GeV. We 
assume the c-quark does not go through an extensive fragmentation process. The c-quark will 
hadronize into D+, Do and D,+- mesons and their excited states. They will decay in the 
semileptonic decay mode and generate muons. Their major decay modes with soft muons are 
listed in Appendix I with their branching ratios. Mostly they are three body decay modes, and we 
roughly estimate the energy of the soft lepton is about one third of 53 GeV; namely 18 GeV. 
Therefore the decaying muon can be a fairly energetic one, with a moderate pt value, and should 
be easily detected. For the c-jet within eta less than 2.0, we just assume its decay probability with 
a soft lepton is 10 % Its pt spectrum should be obtained by a Monte Carlo calculation. 



V. Decay Mode of b-quarks and their daughter c-quarks 

We assume a b-quark decays as follow, 

b ----a c + p + v 10 % Semilept. 1 moderate pt p (10) 
I I 
I I----> s + p + y 1 % Cascade 1 moderate pt .LI 
I + 1 sofl pt p (11) 
1 -----> c + x (90 %) Remainder (14 

1 
1----> b + anything 9 % Lept. & Semilept 1 soft pt p (13) 

The probability of soft muon b-tagging for the lepton-jets channel was studied, and 
reported by DO and CDF groups. l), 2) It is about 20 % per b-jet, including the contribution 
from its c-decay, without detection efficiency included. We define the soft lepton b-tagged jet as 
the b-jet with a soft lepton or two. These leptons are from b-decay (10) or from its daughter’s c- 
decay (13). The semileptonic decay probability of b-quark with a lepton (a muon or an electron): 
b --> c + lepton + neutrino (lo), alone is assumed 10 %. The b-quarks hadronize into B+ and B0 
mesons and their excited states. Their major decay modes and other related modes are listed in 
Appendix II. 

If we assume the mass of a top quark is 174 GeV, the average energy of the b-quark is 
more than 69 GeV. We assume the b-quark does not go through an extensive fragmentation 
process. In the three body decay of semileptonic decay mode, we assume the average energies of 
the generated particles, a c-quark, a lepton and a neutrino, are about 23 GeV. The resulting muon 
will have a moderately high pt. The energies of the lepton and neutrino, are still substantial 
amount and need a careful energy correction for top mass analysis. 

Practically all of other b-quarks decay into charmed D mesons and their excited states 
(12). The average energy of the daughter c-quarks may be about 23 GeV. These particles, 
containing c-quarks, decay subsequently and generate leptons, and we assume its probability is 9 
% (=90% x10%) (13). We assume these decays are mostly three or four body decays, and the 
emerging leptons will have energies about 8 GeV. We expect these muons are detected with a 
reasonable efficiency, because the minimum energy for a muon to go through the DO toroids is 
about 3.5 - 4.0 GeV. 

The resulting D mesons will decay with K mesons with overall decay ratio of about 25%. 
The effect of K mesons is considered later. 

VI. Lepton-Jets Channel 

In one t-tbar event, decaying into the lepton-jets channel, there are one high pt lepton, a 
neutrino, two b quarks and two more jets. These two jets come from a decay of a W, and there is 
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a 50 % probability that these two jets are a c-sbar pair. Then there is probability that one of two 
jets from the W decay has a muon form c quark decay. The probability of c-tagging for each 
selected out t-tbar lepton-jets event, is SO % x 10 % = 5 %. 

For each t-tbar lepton-jets event, there is two b-quarks. There is 30.8 % (=2x19(1.00- 
0.19) %) probability of having one-b-tagging, and 3.6 % (=19% x19%) probability of having b- 
tagging in both b-jets. Likewise the probability of having simultaneously a b-tagging and a c- 
tagging from W for a t-tbar event is 1.5 % (=30.8% x5%). The chance of having two muons in 
one b-jet due to the cascade b and c decay is 2 % (=2 xl%). 

We do not have a clear-cut experimental mechanism to distinguish a sofl muon of c- 
tagging from a soft muon of b-tagging. This means if we have a one- or two-tagged lepton-jets 
event, the chance of that event being a one-b-tagged event is 71.8 % (=30.8/42.9) out of all 
tagged events. The chance of seeing the event of two-b-tagging is 8.4 %. The chance of seeing 
the event of c-tagging is 11.7 %. Also the chance of seeing the event of simultaneous b-tagging 
and c-tagging is about 3.5 %. The total chance to see a c-tagging is 15.2 %. These probabilities 
are summarized in Table I. 

Table I. Ratios of c-tagging and b-tagging for lepton-jets and all-jets events. 

The percentage (probability) in the first rows of each channel corresponds to all events in that 
channel with and without sofl muon tagging. The percentage in the second rows (chance) 
correspond to the chance for only tagged event in that channel. 

Tagging one-b two-b two-b one-c b&c total 

(%I (“W 

1.5 42.9 

1.7 3.5 100 .l 

(both b’s) (in one b) 
(“W (%I (%) w 

Lepton-Jets 
for all 30.8 3.6 2 5 
( probability ) 

for tagged only 7 1.8 8.4 4.7 1 
( chance ) 

All-Jets 
for all 30.8 3.6 2 10 

( probability ) 
for tagged only 62.2 7.3 4.0 

( chance ) 
20.2 

VII. All-jets Channel 

3.1 49.5 

6.3 100 

In an all-jets t-tbar event, both w’s decay into two jets. There are two b-quark jets, and 
there is one c-quark jet on the average. If we assume b- and c- quarks decay with muons at the 
rates of 19 and 10 % respectively, there are 30.8 % probability to have one-b-tagged event, and 
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10% probability of c-tagged event. The probability of having a b-tagging and a c-tagging in a 
same event is 6.3 %. 

When we have a tagged all-jets event, the chance of having a b-tagged event out of all 
possible tagged all-jets event is 62.2 %. The corresponding value for a c-tagged event is 20.2 %. 
That of having simultaneous b-tagging and c-tagging is 6.3 %, and that of having two b-tagging is 
7.3 %. The summary of this channel is also given in Table I. The total chance to have a c- 
tagging is 26.5 %. 

VIII. Probability of K tagging 

With the DO detector, if we do not use the information in the vertex and TKD detectors, 
and if the K mesons decay with muons within the inside radius ( 50 cm) of the CDC, these muons 
may be indistinguishable from the muons originating from the b- and c-tagging. If the kink due to 
the K decay is big enough, the emerging muon will be isolated from the jet. 

1, K from sbar-quark 

The sbar quark in (5) which is generated from the W decay, hadronizes into charged and 
neutral K mesons and their excited states. Their major decay modes with muons are listed in 
Appendix III. These decays are two or three body decays. If the energy of the sbar jet is above 
53 GeV, the energy of the muons may be about 18 GeV on the average. We just assume these 
decay muons are accompanied with jets with pt higher than 15 GeV in the central eta area. 

We assume the energy of the generated charged K mesons is 20 (- 53) GeV, and their 
decay length is 150 m. The probability of a sbar-jet decaying with a muon in the radius 0.5 m, is 
(0.5m/l5Om) x O.S(only charged K) = 0.17 %. And there is only 0.5 sbar-jet per event, Therefore 
the contribution from the K mesons directly from the sbar quark may be negligible for the muon 
tagging. 

2. K from b-quark chain 

The b-quarks hadronize into B+- and B” mesons and their excited states, And the B+ 
mesons decay into K+- anything mode with 85% branching ratio, and into KO/Kobar anything 
mode with 63% branching ratio. Therefor we simply assume 50% of all b-quarks decay into K+ 
anything, and subsequently decay with muons. These K mesons and muons are probably much 
less energetic than those from s-bar jets, because they are going through b -> c -> s chain. If we 
assume the average energy of K mesons is 10 GeV, their probability of decaying within 0.5 m is 
0.7 %, and the energy of the resulting muons may be about 5 GeV. The overall probability will 
0.7 % with a factor of 2 for 2 b-quarks and 50 % decay into K mesons. 
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3. K from c-quark of W decay 

The c-quark from a W hadronizes into D mesons and their excited states. We assume 
their energy is about 53 GeV, and a half of the D mesons decays into muons through K mesons. 
If we assume the energy of the K mesons is 18 GeV, then the energy of the muons maybe about 7 
GeV on the average, high enough to be detected. But its decay probability within 50 cm is 0.5 % 
and with other factors or 0.5 x 0.5 the overall probability will be 0.1 %. 

We need detailed Monte Carlo calculations for the estimation of K mesons effect, but it 
looks the combined effect for a top channel may be in the order of 1 % for the total number of the 
candidates with and without tagging. Also the tagging by the muons from rr mesons may be in the 
same order of magnitude or less. 

IX. Conclusions 

When we are doing mass analysis on the lepton-jets and all-jets events, we should not 
assume the sol? lepton tagging is automatically coming from a b-jet. There is a fairly large 
chance, about 15 % for lepton-jets channel and about 26 % for ah-jets channel, that tagging is due 
to the c-quark of one ofjets from the W decay. The probabilities of these tagging for the lepton- 
jets and all-jets channels are summarized in Table 1. These probabilities will be affected with the 
detection efficiencies, and the selection cuts used for event selections. We need a further detailed 
Monte Carlo calculation for both top channels, to estimate accurate decay rates into tagging. 

The energies of the b- and c-quarks are calculated with the top quarks at rest. The 
starting energies of the c-quark and b-quark are 53 and 69 GeV. 
cascade process is 23 GeV. 

And the starting energy of the 
Their energy values may go up in the real condition, or may be 

degraded by the fragmentation process. In the Monte Carlo calculation we should find out how 
the fragmentation into the excited states of the decay process will affect their energies. 

This consideration of c-quark tagging will also affect the cross section for a top quark. 

From the Table I, where the detection efficiency for tagging is not considered, we can 
expect 50 to 60 % of the lepton-jets and all-jets channels are soft muon tagged, and similarly 
tagged with electrons and taus. 

In both lepton-jets and all-jets channels, there is possibility that decaying of a b-jet alone 
could produce a missing Et of about 20 GeV. 
is substantial. 

And the energy correction for the top mass analysis 
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Appendix I Major Decay Modes for c-Jets with muons 3) 

The c-quarks hadronize into D+-, Da and D,+ mesons and their excited states. Their 
major decay modes with muons are, 

D+ decay modes (D+- cdbar, debar m=1869.4, r=1.06 x lo-J2 s, cz=0.317mm) 
Inclusive modes 

et anything 17.2 % 
lr+ anything ? (not listed) 
K- anything 24.2 % 
KObar anything + K” anything 59 % 
K+ anything 5.8 % 

Leptonic and semileptonic modes 
KObar p+ vP 7.0 % 
K-X+p+V), 3.2 % 

mostly from ( K*bar(892)O --> K-x+) 

+P+Vjl < 3.7% 

Do decay modes (Do 
Inclusive modes 

cubar, ucbar m=1864.6, r=O.415 x lo-l2 s, cs=O. 124mm) 

p+ anything 10.0 % 
semileptonic mode 

K- lr+ V~ 3.2 % 

D,+ decay modes (D,+- 
Inclusive modes 

csbar, scbar m=1968.5, r=O.47 x lo-l2 s, cr=O. 14 mm) 

e+ anything < 20 % 
I.r+ anything 
K- anything 

13?, (not listed) 
00 

KObar anything + K” anything 39 % 
K+ anything 20 % 

Leptonic and semileptonic modes 

w? 1.9 % 

w+v, + rl’ W8h+vF 7.4 % 
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Appendix II Major Decay Modes for b-Jets with muons 3) 

The b-quarks hadronize into B +- B” and their excited states. , 

B+- decay mode (B+- ubbar, bubar m=5278.7, 2=1.54x lo-l2 s, cr=0.388mm) 
Semileptonic and leptonic modes 

B --> p”+v,, anything 10.3 % 

D, D* or D, modes 
B --> D-anything 

--> Dabar anything 
--> D*(2010)- anything 
--> D,+ anything 
--> D&I, D’sD, DsD*, D*sD* 

Charmonium modes 
B --> J/v(U) anything 

--> xc1 (1P) anything 
K or K* mode 

B --> K+ anything 
--> K”iKobar anything 

Baryon mode 
B --> charmed-baryon anything 

26 % 
54% 
23 % 
8.9 % 
5.0 % 

1.3 % 
1.1 % 

85 % 
63 % 

6. 4% 

B” decay mode ( dbbar, bdbar m=5279.0, 5=1.50x lo-r2 s, cr=0.449 mm) 
Semileptonic and leptonic modes 

F v anything 9.5 % 
D- I+ v, 1.9 % 
D*(2010)- I+ vI 4.4 % 

Appendix III Major decay modes of sbar-jets with muons 3) 

The sbar quarks in (5) which are generated from the W decays hadronize into charged 
and neutral K mesons and their excited states. Their major decays with muons are as follows, 

K+- decay ( usbar, subar m = 493.7, T = 1.24 x 10m8 s, CT = 3.7 m) 

P+vP 63.5 % 
n%+vp 3.2 % 

K” decay (dsbar, sdbar m = 497.7) 

KOS ( T = 0.89 x lo-lo s, cr = 2.7 cm) 
no decay with muon 

KOL (7 = 5.2 x 10-8 s, CT = 15.5 m) 
z+ F-+ v 27.0 % 



Appendix IV Inclusive Muon Cross Section 4) 

The cross section of inclusive muons, mostly for QCD events, in the energy range of 
Tevatron Collider experiment is reported, and its cross section is shown in Fig. 1. 4) This does not 
correspond to the events, which we are looking for in this report, 
events. 

They are buried under the QCD 
Even though this may be misleading, we just estimate the ratio of decaying b-quarks and 

c-quarks from this curve for comparison, 
pt values. 

The decay probabilities of these quarks depend on their 
The data show that the ratios of (b -> t.r +X) I (c -> t.t + X) is about 1:3, 2.0, 2.5, 2.7 at 

pt = 5, 10, 15, and 20 GeV respectively. These data do not correspond to the case of W decays, 
but are suggestive of fair amount of contribution from c quarks relative to b quarks. 

Fig. 1 Inclusive muon cross section at root s = 1.8 TeV. From Ref. 4) 
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